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(») Hybrid synchranous machine with transverse magnetic llux. 


© TtiB machine structure provides smaller ohmic 
losses and a higher efficiency than in conventional 
motors with high torque per machine weight. 

Each phase of the Hybrid Synchronous Machine 
witti Transverse Magnetic Flux according to the in- 
vention Is fitted with two rings (2,3) of ferromagnetic 
material which are cogged on the circumfarance ort 
both sides, between which a magnetized disk (4) is 
inserted transversally to the direction of the stator 
winding (7). and the assembly thus Ibrmed Is Ibced 
to the rotor armature (1) with the cogged rings (2,3) 
being axially shifted between each other. 

The described structure of the Hybrid Synchro- 
nous Machine with Transverse MagnGtic Rux solves 
the technical problem of high density of transverse 
magnetic field in the air gap. and also effectively 
solves the problem of installing permanent rotor 
magnets by means of a magnetized disk (4) instead 
of individual inserted magnets, 
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The subject of preserrt invention Is a Hybrid 
Synchronous Machine with Transversa Magnetic 
Flux whose structiire Is such that it provides small- 
er ohmic losses and a higher efficiency thtim in 
conventional motors with high torque per rnachine a 
weight. The Invention belongs to classes H 02 K 
1/22 and/br H 02 K 1/28 of Iniemational Patent 
Classification. 

The technical problem which is successfully 
solved by the pn^en^t invGntion is to find a stmc- io 
tural solution and to design such a hybrid machine 
with tfansvenso magn&tfo flux in which a high den- 
sity of magnetic field in ttie air gap can be 
achieved and in which permanent md^netd are 
mounted so as to allow high tangential speed of ts 
the rotor. 

The hybrid electric machines that have the 
slator winding running coaxially around the rttafn 
axis of the rr^achine are already known. The staior 
winding mounted in this way produces a transverse 20 
magnetic flux. A sMar solution is described by H. 
Weh. H. May and M. Shalaby in their artfcle 
"Highly Effective Magnetic Circuits for PGnmanent 
Magnet Bcclted Synchronous Machines", Interna- 
tional Conference on ^let^c Machines, Cambridge S9 
MA., 13-16 Aug, 1590, p- p. 1040-1045. 

Ttie structural solution of an electric rnachine 
described in the above article offers a partial solu- 
tion to our tedinical problem as far as ohmic 
losses are concerned, its winding being designed 30 
to produce transverse magnetic tlux. The basic 
structural solution as described in this article haSj 
due to the low density of the magnetic field of 
permanent magnets (these being installed centraHy, 
one beside the other along the rotor circumferenoe, $5 
SO that magnetization runs in tfie radial direction) a 
feebler torque, while in an Improved version, which 
is also described by the article, the magnets are 
arranged so as to produce an effect called "the 
concentration 0I magnetic flux". Such 40 
"concentration of magnetic tlux" in the machines 
whose stator windings do not produce transversa 
magnetic flux is also described in Gemnan patent 
document DE 34 01 163. 

In the structural solution described in the above 46 
article permanent magnets are placed in upright 
position (i.e. shifted by 90° with regard to the 
position of permanent magnets in the first case, so 
that the magnetization in the magnets runs in tan- 
genitia] direction}, in this solution, the magnets are so 
placed into or fixed to the recesses in the ro^^r. 

Permanent magnets mounted in this way pro- 
duce a magnetic field Of Qf&^&r density, and a 
machine wtth this rotor has a good torque per 
weight A drawback in this solution is the mode of S5 
installation of the great number of permanent mag- 
nets; these can be glued or otiierwise fb(ed to the 
rotor supporting ring. The position of permanent 
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magnets being such that they can only be glued or 
attached by their smallest surface, this solution is 
not recommended for higher tangential speeds of 
the rotor. The fact that the magnets to be installed 
have to.be magnetized in advance presents a cer- 
tain technical problem, especially due to the great 
number of magnets and to the relatively high den- 
sity of magnetic energy. 

The Hybrid Synchronous Machine with Trans- 
verse Magnetic Run which is the subject of this 
invention, consists (one phase) of two rings of soft 
magnetic material which are cogged on the circum- 
ference on both sides. t}etween which a magne- 
tised disk is inserted transversally to the direction 
of the stator winding, and the entire assembly thus 
-formed is fixed to the rotor armature in such a way 
that the cogged rings are axiaffy shifted betweeri 
each other. 

The invention will be further explained by an 
example and illustrated by drawings showing as 

follows: 

Figure 1 cross-section of a two-phase Hy- 
brid Machine with Transverse Mag- 
netic Flux according to tho Inven- 
tion; 

Figure 2 axonometric view of a part of rotor 

assembly in partial cross-section; 
Rgure3 cross-section of the Hybrid Syn- 
chronous MaeKne with Transverse 
Magnetic Flux according to the in- 
vention, variant II. 
A two-phase version of the Hybrid Machine 
with Transverse Magnetic Flux according to the 
invention is shown in Figure 1. To each side of the 
rotor armature (1) an assembly is fixed consisting 
of two cogged rings (2, 3) of ferromagnetic material 
trtted with rotor poles (2 a» 2 b, 3 a, 3 b) and a 
magnetized disk (4). The cogged rings (2, 3) and 
the magnett2ed disk <4) can be held together by 
means of screws (5), as shown In Rgure 2. The 
cogged rings (2, 3) in the assembly are placed so 
that their poles (2 a, 3 a) are mutually shifted, as 
shown m Figure 2, The same applies to the poles 
(2b, 3 b). The magnetized disk (4) is magnetized 
90 is to produce a magnetic flux that can b© 
directed either from the cogged ring <3) to the 
cogged ring (2) or in the opposite direction. 

In the magnetic juncture with the cogged rings 
(2, 3) and the magnetized disic (4) lie stator poles 
(6 a, 6 b) of yokes (6) which encircle the stator 
wfriding (7). The number off stator poles (6 a) 
equals the number of rotor poles (2 a, 3 a) Of the 
cogged rings (2, 3). 

At a chosen moment of observation, when the 
stator pole (6 a) covers the rotor pole (3 a) and. 
due to the shift of the cogged ring (3) against the 
cogged ring (2), the stator pole (6 b) covers the 
rotor pole (2 b), a current starts running in the 
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winding (7) in such a direction that ttie densil/ of 
magnslic field in the gap between ttie stator pole (6 

a) and the rotor pold (3 a) Of the cogged ring (3), 
and between tho $tator pole (6 b) and the rotor 
pole (2 b} of the cogged ring (2) decreadea, while 
thQ density of magnetic field in the gaps between 
the stator pole (6 a) and the rotor pole (2 a) of the 
cogged ring (2) and between the stator pole (6 b) 
and the rotor pote (3 b) of . the ooggod ring (3) 
increases. Because Of 6ych mornentanous mag- 
netic State the stator poles attract the rotor poles in 
a position which is shifted by 1/2 of the pole's 
division with regard to the position at the chosen 
moment so that in the end position of ot)servation 
the stator pole (6 b) coincides with the rotor pole {$ 

b) of the cogged ring (3) and the Stator pole (6 a) 
coincides with the rotor pole (2 a) of the cogged 
ring (2). At thiS moment the direction of current In 
the winding (7) inverts. This causes the rotor to 
move forwards, so that it reassumes ftie initiaily 
observed position of mutuai covering of the rotor 
and stator polos. iTirough the change of current 
direction in the stator winding (7) the rotation of 
rotor id enabled, while the change rtself can be 
achioved by etectronic commutation. 

In variant it (Rgure 3) a (Hybrid Synchronous 
Machine with trensverso IWIagnetic l^lux is shown 
with the cogged rings (2*. 3') designed on the 
stator armature (9). In the contre of oach ring (2\ 
3') there is One half (7 a, 7 b) of coaxial winding 
(7). With such installation the Synchronous F^a- 
chlne according to the invention can be designed 
with an e>ctemal rotor, wher^ tho salient poles of 
the rotor (8) are cogged along the entire axis and in 
the same poie division as the salient poles (2 a*, 2 
b', 3 a'. 3 b') of the cogged rings (2\ 3'), 

The described structure of Hybrid Synchronous 
. Machine wi^h Transverse Magnetic Flux solves the 
technical problem of great density of transverse 
magnefic flux and, with the introduction of the 
magnetized disk (4). effectively solves the problem 
of installing permanent rotor magnets. 

Claims 

1. Hybrid Synchronous Machine with Transverse 
Magnetic Flux. 

characterized Inthfii 

the rotor or stator Is in each phase fitted 
with a* least one ring-shaped magnet which 
lies coaxially with the main axis of the electric 
machine, whereas on each side of the magnet 
there is a magneticaily coupled ferromagnetic 
ring with two symmetrical cfrglas of eveniy 
spaced poles, wi^He the stator or rotor has an 
equal number of salient ferromagnetic poles. 
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2. Hybrid Synchronous Machine wifti Transverse 
Magnetic Flux as per Claim 1 , 

charactorl^oad fit that 

depending on the number of phases, an 
adequate number of rotor assemblies is fixed 
to tho rotor armature (1), tho asembly consist- 
ing of cogged rings (2, 3) of soft magnetic 
material between whfch a magnetic disc (4) is 
placed, magnetized In the direction from the 
ring (2) to the ring (3) or in the opposite 
direction, while the stator poles (6 a. 6 b) of 
tho yokos (6) are magnetically coupled with 
the rotor poles (2 a, 2 b« 3 a^ 3 b) of the 
cogged rings (2, 3). 

3. Hybrid Synchronous Machine with Transverse 
Magnetic Fliix as per Claims 1 and 2. 

charactorbsBd In that 

the cogged rings (2, 3) are fitted on the 
outer clircumferoncQ witti rotor poles (2 a, 3 a), 
and on the inner circumference with rotor 
poles (Z b. 3 b), and the cogged rings (2, 3) 
tied together in a rotor assembly are tangen- 
tially. shitted between each other tiy one half of 
a pole division. 

4. Hybrid Synchronous Machine with Transverse 
Magnetic Flux as per Claim 1, 

characterized In that 

depending on the number of phaises, to 
the stator armature (9) an adequate number of 
stator assemblies is fixed, consisting of 
cogged rings (2*, 3') of soft magnetic material 
between which a magnetic disc (4') Is piaoed 
magnetized in the direction from the ring (2') to 
the ring (3'), or in the opposite direction, while 
the salient poles of the rotor (8) are mag- 
netically coupled with the stator poles (2 a', 2 
b\ 3 a\ 3 b') of the cogged rings (2\ 3*)» and 
the winding (7) is divided into two symmetrical 
parts (7 a. 7 b) installed in the centre of each 
stator ring (2\ 3*). 
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